A new photocatalyst zinc(II) oxide (ZnO) was synthesized using a microwave-assisted green method using p-hydroxybenzoic acid and zinc nitrate as precursors. The sample was characterized by FTIR, UV-visible, EDX, XRD, SEM and TEM techniques. The molecular formula of the primary precursor [Zn 2 (C 7 H 5 O 3 ) 2 (NO 3 ) 2 (H 2 O) 4 ] binuclear zinc(II) complex was discussed using elemental analyses (CHN), FTIR, UV-visible, XRD, SEM and thermal analysis (TG). This new binuclear complex was formed with p-hydroxybenzoic acid as a bridged chelate connecting two zinc metal ions through the carboxylate groups. The chelation assignments declare that Zn(II) metals are coordinated to the phydroxybenzoate ligand with octahedral geometry. The photocatalytic property of the ZnO products was examined for the degradation of methyl red (MR), methyl orange (MO) and methylene blue (MB) solutions. The resulting data demonstrated a photocatalytic efficiency towards the removal of the selected organic dyes. The Electrical properties of ZnO NPs were measured within the temperature range 313-403 K.
functionalized for the removal of toxic and hazardous compounds [11, 12] . The aim of this research is to improvement the performance and utilization of nanophotocatalysts in order to enhance the efficiency of advanced oxidation techniques [13] . The photocatalytic activity is dependent on the size and shape of the photocatalyst particles. In recent years, research on the coupling of semiconductor photocatalysts as nanocomposite alloys has been studied to increase the catalytic activity efficiency [14, 15] . The photocatalysts have been improved and utilized in the removal of different dyes from industrial wastewaters [16] . The photocatalytic treatment is considered one of the most efficient methods to remove contaminants from water [17] . The photocatalytic activity of ZnO can be improved by controlling the designed shape [18, 19] , incorporating other atoms into the lattice [20] , increasing the surface area [21] and so on. Transition metal-doped ZnO has attracted the attention of most researchers. Recent investigations on Cu-doped ZnO have reported that Cu exists in the (2 + ) oxidation state in the host lattice [22] . The substitution of Cu into the ZnO lattice improves the photocatalytic activity [23] . Cu-doped ZnO nanopowders have been synthesized by several methods, such as sonochemical [24] , sol-gel [25] , hydrothermal [26] , vapor transport [27] , solution combustion [28] and co-precipitation methods [29] . The photocatalytic activities of copper-doped zinc oxides have been investigated by the degradation of methylene blue dye, resazurin dye [22] [23] [24] [25] [26] [27] [28] [29] and methyl orange [30] . Access to a clean environment that is free of organic pollutants based on environmentally friendly chemistry is a significant concern. The aim of this research is to prepare nanostructured zinc oxide (ZnO) by using simple and inexpensive organic compounds and a microwave oven as a green method. ZnO was obtained from a metal complex derived from the reaction of p-hydroxybenzoic acid and zinc nitrate. The chemical structure of the ZnO product is derived and proven by using different spectral and analytical techniques (microanalytical, FTIR, UV-Vis, 1 H NMR, XRD, SEM, EDX, TEM and thermal analyses). The photocatalytic applications of nanostructured ZnO on the cracking and disposal of dyes contaminants present in wastewater, such as methylene blue (MB), methyl orange (MO) and methyl red (MR) were studied.
EXPERIMENTAL

General
The p-hydroxybenzoic acid ( Figure 1 ) and Zn(NO 3 ) 2 ·6H 2 O were received from Sigma-Aldrich and used as obtained. Ether and ethanol solvents were spectroscopic grade. Elemental analyses of %N, %H and %C were determined using a Perkin Elmer CHN 2400. The zinc metal ion content was obtained using an Atomic Absorption Spectrometer model PYE-UNICAM SP 1900. The molar conductivity of the zinc(II) complex with a 10 -3 mol/cm 3 concentration was obtained with a Jenway 4010 conductivity meter. A UV2Unicam UV/Vis spectrophotometer was used to record the electronic absorption of the complex dissolved in DMSO solvent (200-800 nm). IR spectra (KBr discs) were measured on a Bruker FTIR spectrophotometer in the range of 400-4000 cm -1 . Thermogravimetric (TG) results were obtained using a Shimadzu computerized thermal analysis system TGA-50H. Samples were separately analyzed under O 2 flow at 30 mL min -1 . XRD patterns were collected on an XPert Philips X-ray diffractometer. The SEM micrographs were visualized using a Jeol Jem1200 EX II Electron microscope (25 kV Figure 1 . Structure of the p-hydroxybenzoic acid.
Synthesis of the new zinc(II) p-hydroxybenzoate complex
Microwave-assisted synthesis, which is a branch of green chemistry has several applications in coordination, organometallic and organic chemistry. This type of synthesis requiring fewer solvents or being solvent-free is very attractive because it offers several benefits, such as high yields, low cost, reduced pollution and simplicity in handling and processing [31, 32] 4 ] complex at 600 °C for 2 hours in a static air environment.
Photocatalytic Activity
The photocatalytic efficiency of the synthesized zinc(II) oxide was assessed by the degradation of a solution containing 20 ppm of each dye dissolved in water. In each experiment, 30 mg of the ZnO photocatalyst was mixed into 30 mL of dissolved dye and stirred for approximately 30 min and then exposed to a UV lamp. A sample solution was collected every 15 minutes, and the absorption was Degradation efficiently (%) = (A 0  A t )/ A 0 X 100 = (C 0  C t )/ C 0 X 100 (1) where A t is the absorbance of the dye solution (at a certain reaction time), A 0 is the initial absorbance of the dye solution, C t is the dye concentration (at certain reaction time), and C 0 is the initial concentration of dye solution.
RESULTS AND DISCUSSION
Characterization of primary precursors zinc(II) complex
The metal carboxylates are an important chemicals in the field of inorganic chemistry and can be used as a model system in bioinorganic chemistry [33] . Metal oxides can be easily synthesized using metal carboxylate as a directly precursors using thermal decomposition methods [34] . The versatile ligational behavior of the carboxylate group can function as a monodentate ligand, a bidentate ligand, or a bridging bidentate ligand [35] . The metal carboxylates chelated with the transition metal ions are attracting attention due to important applications in electrical, magnetic, optical, catalytic, thermal, or biological fields [36] . Figure 2 illustrates the different modes in which carboxylate group can coordinate with metal ions [35] . 
Microanalytical and conductivity data
The MW, FW, and N, H and C content of the synthesized complex are provided in the experimental section. The microanalytical tool confirmed that the molar ratio was 1:1 (phydroxybenzoic acid: Zn(NO 3 ) 2 . The synthesized complex has a white color. The conductance value of the complex dissolved in dimethylsulfoxide solvent with 10 -3 mol/dm 3 concentration was 12 Ω -1 cm -1 mol -1 . This value indicates that this complex has a non-electrolytic nature due to the presence of nitrato groups inside the coordination sphere [37] .
Infrared spectra
The FTIR spectrum of the zinc(II) p-hydroxybenzoate complex ( Figure 3 ) was assigned. The band present at 1694 cm -1 in the case of p-hydroxybenzoic acid is attributed to the stretching vibration ν(C=O) of the COOH group. This band is absent in the spectrum of the synthesized zinc(II) complex and is substituted by two distinguish bands at 1385 and 1621 cm -1 due to the symmetric and asymmetric vibrations of the carboxylate group, respectively [38] . The bands observed at 3179 and 3362 cm -1 are due to the symmetric and asymmetric O-H stretching modes of the coordinated water molecules, respectively [39] . The difference in frequency, Δν(COO), between ν as (COO) and ν s (COO) in the Zn(II) complex is 236 cm -1 , which is matched with the sodium salt (Δν = 232 cm -1 ). This value suggests that the carboxylate ions appear to be Zn-OO-Zn bridging chelation [38, 39] (Figure 4) . The bands at 1097, 1355 and 1500 cm -1 are attributed to the ν s (NO 2 ) (ν2), ν as (NO 2 ) (ν5) and ν(N=O) (ν1) of the coordinated nitrato group, respectively. These values agree with the characteristic bands of the bidentate chelating nitrate [38, 39] . Mono or bidentate chelating nitrates were differentiated using the separation, Δν = ν1-ν5. The increase in Δν indicates that the coordination changes from mono to bidentate and/or bridging modes. In the synthesized complex, the magnitude of this separation suggests a bidentate chelating nitrate [38] . A UV-Vis spectrum of the zinc(II) p-hydroxybenzoate complex is shown in Figure 5 . This spectrum was scanned in DMSO with 10 -3 mol/cm 3 . The distinguish peaks present at 274 and 286 nm are assigned to the π→π* electronic transitions, while the peaks located at 378 nm belong to n→π* electronic transition. The Zn 2+ complex is a diamagnetic, as expected for d 10 systems. Based on the spectral, conductance, and analytical data, the octahedral geometry is suggested as the geometry of the zinc(II) complex [40] . 4 ] complex is scanned within a temperature range of 30-800 C as shown in Figure 7 . The pyrolysis of the Zn(II) complex occurs through three degradation steps. The first step is from 30-300 C is ascribed to the dehydration of four coordinated water molecules and two nitrate groups with an experimental value of 32.50%, which agrees with the theoretical value 32.61%. The last two steps within the temperature range 300-650 C are assigned to the thermal decomposition of both p-hydroxybenzoate moieties. The residual as a final product corresponds to the formation of ZnO, which is confirmed by the infrared spectra. The kinetic thermodynamic parameters were theoretically estimated by the integral Horowitz-Metzger (HM) and Coats-Redfern methods [42, 43] (Table 1 ). The relationships used are: ΔG = ΔH -TΔS, ΔS = R[ln (Ah/kT)], and ΔH = E -RT; where h is Planck's constant, and k is Boltzmann's constant. The correlation coefficients of the Arrhenius plots of the degradation steps were in the range of 0.98-0.99, demonstrating a good fit with a linear function. The thermal decomposition process of the zinc(II) complex was non-spontaneous, indicating the thermal stability of the complex [44] . crystal planes, respectively, for the zinc metal ions. The particle size of the synthesized complex was calculated using the Debye-Scherrer equation (2) [45, 46] :
UV-Vis spectra
1 H NMR spectra
where θ is the Bragg diffraction angle, K is a constant (0.94 for Cu grid), β is the integral peak width, λ is the X-ray wavelength (1.5406 Ǻ), and D is the particle size. The average particles size calculated for the complex is 30 nm. This value demonstrates that the particle size is located within the nanoscale range. The SEM micrograph of the zinc(II) complex at a 20,000x magnitude is presented in Figure 9 . It has been clearly observed that the starting zinc(II) complex in powder form was made of large-to-medium block slices of different sizes. The micrograph indicates that the complex has a clear homogeneous phase. 
Characterization of the ZnO NPs
The ZnO nanophotocatalyst was synthesized by a modified precipitation method in which the reaction was carried out in a scientific microwave oven using an ethanol solvent as a green medium.
Then, it was characterized by FTIR, UV-Vis, XRD, SEM-EDX and TEM analyses. The TEM analysis was done to study the particle size and the ZnO nanoparticle morphology was identified based on the analyses of the XRD spectrum and TEM image. Figure 10 shows the IR spectrum of the synthesized ZnO with the wurtzite structure. The absorption band observed at 448 cm -1 is attributed to the stretching vibration of ν(ZnO) of the ZnO nanoparticle material [47] . The medium broad and medium bands at 3291, 1041 and 664 cm -1 can be attributed to the O-H modes of the hydrated water molecules. Figure 11 shows the UV-Vis spectrum of the synthesized ZnO NPs, which was scanned as a dispersed powder form in ethanol. Clearly, a sharp absorption band in the UV region at 400 nm is shown. This band is attributed to the absorption band of the hexagonal wurtzite ZnO NPs [48] . The sharp absorption band (400 nm) decreased, which was attributed to the increased crystallinity of the ZnO sample. The energy band gap of the ZnO NP material was derived using a Tauc plot (equation No. 3) [49] :
Spectral properties
3) where A is a constant, hν is the photon energy, E g is the energy gap, and n = ½ for the allowed direct transition. From Figure 12 , the band gap value of the synthesized ZnO is equal to 5.05 eV. This wide band gap (5.05 eV) indicates the semiconductive nature of ZnO, which makes it an excellent material with multifunctional applications in photocatalysts, sensors, and electronics [50, 51] . Abs.
Wavelength, nm Figure 11 . UV-Vis spectrum of the ZnO nanoparticles. Figure 13 show the XRD diffraction patterns of the synthesized ZnO NPs resulting from the thermal decomposition procedure of the zinc(II) p-hydroxybenzoate complex. This figure includes the well-defined diffraction pattern of ZnO, and these patterns exhibited at 56.56°, 47.57°, 36.26°, 34.48°, and 31.81° are attributed to the lattice planes of (110), (102), (101), (002), and (100), respectively. The XRD results refer to the hexagonal wurtzite structure of ZnO (JCPDS 36-1451) [52] . The presence of the characteristic diffraction patterns for ZnO confirms that the complex was completely transformed to zinc oxide. The particle size of the ZnO NPs was calculated using the Debye-Scherrer equation based on the peak at 2θ = 36.26°. The average particles size calculated for the ZnO NPs was 45 nm. Figure 14 shows the EDX spectrum obtained for ZnO, which illustrates the elemental and atomic composition of the sample. The spectrum shows the presence of Zn and O without any other impurities. 
XRD and EDX spectra
SEM and TEM morphologies
The SEM micrograph of the ZnO sample is shown in Figure 15 . The micrograph reveals that the ZnO particles are hexagonal with a granular nature. This high-resolution micrograph with 30-μm magnification illustrates the agglomeration of particles. The SEM image shows a hexagonal feature that agrees with the XRD interpretation of the data. The TEM micrograph of the synthesized ZnO NPs is shown in Figure 16 , in which most of the bare ZnO nanoparticles are spherical, and their diameter is ~ 40 nm. This result is in accordance with the value calculated from the X-ray diffraction. Figures 17, 18, and 19 show the time-dependent UV-Vis spectra of the three different dye solutions, namely, the MB, MR, and MO solutions, respectively, during ultraviolet irradiation in the presence of ZnO NPs over 75 min of irradiation. The synthesized ZnO NPs powders can be used as a photocatalyst for the degradation of MO, MR and MB dyes, and they have been adopted as a model photocatalyst compound. In this study, the ZnO NPs catalyst was prepared using a zinc(II) phydroxybenzoate complex as a precursor. The ZnO NP catalyst with nanoparticle morphology can be used as a model to treat wastewater pollution. The ZnO NPs photocatalytic results confirm that the degradation of the dyes after 75 min of ultraviolet irradiation reached as high as 94.67%, 94.37%, and 93.77% for the MO, MR and MB, respectively. The formation of a nanostructured zinc oxide catalyst increases the degradation efficiency of the dyes. The photocatalytic activity of the synthesized ZnO nanostructure was discussed by assessing the degradation of the MO, MR and MB dyes. The plot in Figure 20 shows the degradation of the three dyes as a function of the duration of UV exposure. The decomposition rates of the three dyes were higher than 90% over 75 min. Based on the mechanism of the semiconducting photocatalyst behavior, the irradiation of this catalyst has a supra-band-gap energy resulting in the association of photo-generated electron-hole pairs. These pairs thereafter spread to the surface, where the electrons adsorbed hydroxide, the hole, and oxygen molecules, to form a hydroxyl radical. Before the holes and the electrons form at the surface, a significant chance in recombination exists [53, 54] . 
Photocatalyst applications
Electrical properties
The electrical properties are dependent on various parameters such as composition, thickness, and substrate temperature and deposition rate. For photovoltaic application, important properties include electrical resistivity [55] .
The ZnO nanoparticles was compressed in pellet form to measure the d.c. electrical conductivity. The temperature dependence of the d.c. electrical conductivity (σ) of the ZnO NPs was carried out in the temperature range 313-403 K using two probe methods. It was found that the values of σ increase with increasing the temperature according to the Arrhenius relation. σ = σ o exp(-E a /KT) Where E a is the activation energy of the conduction process and σ o is constant, K Boltzmann constant and T is the absolute temperature. Figure 21 display the relationship between the different temperature and logarithmic function data of resistivity (ρ). The summarized data listed in (Table 2) give a good impression of the semiconducting behavior of synthesized ZnO NPs [56] . Linear behavior of graph (Fig. 21) shows that the film resistivity is in good agreement with the Arrhenius relation. The activation energy of synthesized ZnO NPs calculated from slope of the graph is 1.31 eV which is agreement with the reported values of activation energy of ZnO [57] . Thus, we can say that zinc oxide is promising materials for temperature sensing. The straight line plot (Fig. 20) suggests that grain boundary limited conduction is the dominant conduction mechanism. The grain boundaries are a consequence of imperfections associated with the polycrystalline nature of the films. Figure 21 . The relationship between temperature dependence and electrical resistivity of ZnO NPs
CONCLUSION
The research project demonstrates the practical application of simple and cheap methods for the water purification and desalination companies as well as the institutions responsible for preparing environmental reports and eliminating pigments in the water for the disposal of factories. Herein, this paper was aimed to synthesis and characterization of a new complex of zinc(II) with p-hydroxybenzoic 4 ]. The results suggest that the p-hydroxybenzoic acid acts as a bridged chelate towards two zinc metal ions through the carboxylate groups. The nanostructured ZnO material with promising catalytic properties was successfully prepared in air via the controlled thermal decomposition of the synthesized Zn(II) complexes, and it was tested as a catalyst for the heterogeneous degradation of MB, MO, and MR dyes. The XRF analysis confirmed the hexagonal wurtzite structure of ZnO, while TEM analysis confirmed that most of the bare ZnO nanoparticles were spherical and their diameter was approximately ~ 40 nm. The catalytic degradation of the dyes (MR, MO, or MB) in the presence of ZnO as a catalyst was studied at room temperature in water. The results showed that the ZnO product could effectively degrade more than 93% of the investigated dyes. It has been observed that activation energy of ZnO comes out to be 1.31 eV. The conduction in ZnO is through thermally activated process with semiconducting behavior.
